The aim of this study was to determine the clinical relevance of cardiac biomarkers [troponin I and T, creatine kinase-MB fraction (CK-MB) and lactate dehydrogenase (LDH)] in premature calves with respiratory distress syndrome. Seventy premature calves were admitted to the clinic within 24 h after birth. Respiratory distress syndrome was diagnosed in premature calves by clinical examination and venous blood gas analysis. Ten healthy calves, aged 5 days, were used as control. Cardiac troponin I and T were analysed using ELISA and ELFA, respectively. Serum CK-MB and LDH were also analysed in an automatic analyser. The calves had low venous pH, pO 2 , O 2 saturation and high pCO 2 values consistent with dyspnoea, hypoxaemia, and inadequate oxygen delivery. Mean serum troponin I, troponin T, CK-MB and LDH levels were increased in the premature calves compared to the control group. In conclusion, the results in this study demonstrated that serum CK-MB, troponin I and troponin T concentrations could be used for evaluating myocardial injury in premature calves with respiratory distress syndrome.
Acta Veterinaria Hungarica 64, 2016 surfactant leads to end-expiratory collapse of lung regions that are inadequately, or not at all, aerated. These atelectatic regions result in inadequate surface area for gas exchange, and the neonate increases its respiratory rate to maintain adequate ventilation. If this is not achieved, hypoxia ensues (Bleul, 2009) . In addition, respiratory distress syndrome (RDS) develops together with a progressive respiratory and metabolic acidosis within the first hour of life (Eigenmann et al., 1984) . The pCO 2 will be elevated in premature calves with RDS, and this can be confirmed by a venous sample (> 45 mm Hg) (Divers, 2008; Guzelbektes et al., 2012) . Term and preterm calves with RDS have high mortality because of hypoxia, hypercapnia, and acidosis (Pickel et al., 1989; Szenci et al., 1989) . Hypoxia results from impaired oxygen delivery to cells and decreased tissue perfusion. Therefore, hypoxia may affect cardiac function. Cardiac biomarkers are used to identify cardiac disease in humans and animals (Undhad et al., 2012; Vijlbrief et al., 2012) . Cardiac enzymes including lactate dehydrogenase (LDH) and creatine kinase-MB fraction (CK-MB), as well as troponins are used in the determination of cardiac injury (Kemp et al., 2004) . LDH is found in a wide variation of tissues and is most abundant in liver, kidney, muscle, and myocardium (Radostits et al., 2007; Russell and Roussel, 2007) . CK-MB is a biochemical marker which has been used for the detection of acute myocardial infarction for a long time. In humans and animals, CK-MB is found predominantly in the myocardium, with concentration ranges from 5 to 30% of the total CK activity of the heart. Cardiac troponins (cTn) have a high sensitivity and specificity for myocardial injury. Troponin consists of three subunits: troponin I (cTn-I), troponin T (cTn-T), and troponin C. Troponin T and I are ideal diagnostic markers for myocardial injury since the heart and extracardiac muscle express distinct isoforms which are encoded by different genes (El-Khuffash and Molloy, 2008; Undhad et al., 2012) . Owing to the positive correlation between the concentration of troponin and the size of myocardial injury developing after cardiac surgery or cardiotoxic drug treatment, troponin is useful as a prognostic indicator of mortality and morbidity in the paediatric age group. The same principle applies to term and preterm newborns in RDS for evaluating the extent of myocardial injury (Ng and Lam, 2012) . Based on the similarity of clinical signs and pathological findings, it is thought that the mechanisms underlying RDS in infants and calves are very similar. Until now, there has been no study on cardiac biomarkers in premature calves suffering from hypoxia, although there are many reports in preterm infants. Therefore, the aim of this study was to determine the clinical relevance of cardiac biomarkers (troponin I and T, CK-MB and LDH) in premature calves with RDS.
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Materials and methods
Animals
This study was conducted in the Large Animal Hospital of the Faculty of Veterinary Medicine of Selcuk University. Seventy premature calves were admitted to the Large Animal Hospital for treatment. The premature calves had a gestational age between 230 to 260 days, low body weight, weak or no suckling reflex, short silky hair coat, soft claw, general weakness, inability to stand, and incomplete eruption of the incisor teeth. Premature calves had also RDS (pCO 2 > 58 mm Hg, respiratory acidosis, and tachypnea). All calves were admitted to the clinic within 12 to 24 h after birth. There were 38 male and 32 female calves. The majority of the calves were of the Swiss Brown breed, with a mean body weight of 26.69 kg (17-37 kg) on admission. Ten clinically healthy calves, aged 5 days, were used as control. All premature calves with RDS in this study were grouped according to their pH values as suggested by Eigenmann et al. (1981) : blood pH > 7.2 (normal/physiological acidosis = slight, combined respiratory and metabolic acidosis); blood pH 7.2-7.0 (acidotic = moderate, combined respiratory and metabolic acidosis); blood pH < 7.0 (severely acidotic = severe, combined respiratory and metabolic acidosis).
Sample collection and blood analysis
Blood samples were taken from the jugular vein to measure blood gases and biochemical parameters (cardiac troponin I and T, CK-MB and LDH). Venous blood samples were collected anaerobically from the jugular vein into plastic syringes containing sodium heparin for blood gas analysis, which was performed within 10 min of collection. Syringes used for collecting venous blood for gas analysis were prepared by aspirating a small volume of liquid heparin (5000 IU/ml, Nevparin, Mustafa Nevzat Company, Istanbul, Turkey) and then expelling it. The thin film of liquid heparin that remains coated to the walls of the syringe is sufficient to anticoagulate the blood sample. An aliquot of blood was placed into vacuum glass tubes (BD serum tube, USA) for serum biochemical analysis. The tubes were centrifuged (5000 rpm, 10 min) after clotting, and the serum was carefully harvested and stored at -20 °C until analysed. The venous blood gases were analysed using an automatic blood gas analyser (GEM Premier 3000, Instrumentation Laboratory, Lexington, MA, USA). Serum CK-MB and LDH activities were measured with an automatic analyser (BT 3000 plus, Biotecnical Inc., SPA, Rome, Italy). Serum troponin T level was measured with a commercially available ELISA kit (Bovine Cardiac Troponin T, Cusabio Biotech Co., Ltd., Wuhan, China). The manufacturer of this assay reported a limit of detection in bovine serum of 187.5-3,000 pg/ml. In this kit, an intraassay and inter-assay precision of < 15% has been reported. The optical density of the samples was measured at 450 nm using a microplate reader (Multiskan™ Go Microplate Spectrophotometer, Thermo Scientific, USA). Serum troponin I level was measured by an automated quantitative method (VIDAS ® Troponin I Ultra, Biomérieux, Marcy-l'Etoile, France) with the Enzyme-Linked Fluorescent Assay technique, and the lower limit for the dosage was 0.01 mg/L. The reportable range of this method is 0.01 to 30 mg/mL.
Statistical analysis
All data were presented as mean and standard error of mean (mean ± SEM). The level of statistical significance was P < 0.05. ANOVA and Tukey's multiple range tests were used to assess differences between the groups. The SPSS software program (Version 15.0, SPSS Inc., Chicago, IL, USA) was used for statistical analyses.
Results
Respiratory distress syndrome was observed in all premature calves. Clinical examination of all premature calves showed clinical signs of RDS including respiratory insufficiency, apnoea or tachypnea, weakness and depression (Table 1) . In addition, lethargy, coma, cyanosis, increased capillary refill time, tachycardia, and hypothermia were observed in the premature calves (Table 1 ). The calves also had weak or no suckling reflex. All the calves were hospitalised during the treatment period. Fifty-four out of 70 premature calves recovered and were discharged from the hospital in a healthy state. However, 16 premature calves died within 48-72 hours after birth. Table 1 Clinical findings in premature calves with respiratory distress syndrome (RDS) and in control calves The levels of serum troponin I, troponin T, CK-MB, LDH and blood gas parameters in the premature calves and control calves are presented in Table 2 . The pCO 2 levels increased in premature calves with RDS, whereas pH, pO 2 and O 2 saturation levels decreased in premature calves compared to control calves. Premature calves had low pH values (≤ 7.345) compared to the control group (Table 2) . Serum troponin I, troponin T, LDH and CK-MB levels of premature calves increased as compared to the control calves (Table 2) . However, there were no statistically significant differences in LDH, troponin I and T levels of the premature calves (Table 2) . Table 2 Cardiac biomarkers and blood gas parameters in premature calves with respiratory distress syndrome (RDS) and in control calves 
Discussion
Respiratory distress syndrome is a condition of neonatal calves, characterised by a deficiency in oxygen uptake and carbon dioxide retention in the blood, as well as interstitial and alveolar oedema (Eigenmann et al., 1984; Bleul et al., 2008) . Shortly after birth, premature calves with surfactant deficiency develop respiratory distress and cyanosis. RDS is a group of signs caused by a deficiency of surfactant. Clinical findings about RDS are blood gas abnormalities, hypoxia, inspiratory and expiratory dyspnea (Karapinar and Dabak, 2008; Guzelbektes et al., 2012) . In this study, premature calves had clinical signs related to RDS, including low venous pH, pO 2 and O 2 saturation and high pCO 2 consistent with dyspnoea, hypoxaemia, and inadequate oxygen delivery (Table 2) . High alveolar surface tension due to the lack of surfactant is likely to result in extensive alveo-lar collapse leading to pulmonary atelectasia, ventilation-perfusion incompatibility, hypoxaemia, hypercapnia, and respiratory acidosis (Christmann et al., 2009) .
Neonatal hypoxic ischaemia usually leads to cardiovascular disorders. Oxygen depletion due to secondary hypoxic ischaemia is thought to be caused myocardial injury (Sweetman et al., 2012) . Premature infants with RDS have been reported to have low cardiac output and myocardial dysfunction (Gill and Weindling, 1993; Evans and Kluckow, 1996) . Cardiac involvement associated with hypoxia in newborns occur in about 29% of asphyxiated infants (MartinAncel et al., 1995) . Many studies indicated that infants with perinatal asphyxia and RDS develop myocardial damage (Tapia-Rombo et al., 2000; Trevisanuto et al., 2000a,b; Szymankiewicz et al., 2006) . Unfortunately, there is no information about myocardial damage associated with hypoxia in premature calves with RDS. In this study, all premature calves with RDS were hypoxic due to low pO 2 and O 2 % saturation (Table 2) . Therefore, we can speculate that myocardial damage should have developed in premature calves due to hypoxia. Szymankiewicz et al. (2006) reported that CK-MB and cTn-T levels increased in asphyxiated infants. In contrast, Möller et al. (1998) reported that in infants with perinatal asphyxia the CK-MB level has no diagnostic value. Mu et al. (2009) demonstrated that there is no significant correlation between cTn-I and CK-MB in neonates with respiratory distress. cTn-T and CK-MB levels were determined to be significantly higher in infants with perinatal asphyxia (Rajakumar et al., 2008) . The same group also reported that cardiac troponin T has high sensitivity and specificity compared to CK-MB. In this study, it was determined that the level of CK-MB was significantly (P < 0.05) increased in premature calves with RDS compared to control calves, whereas LDH activity was less increased. There was no statistical difference in serum LDH in premature calves with RDS compared to the control group. It can be stated that the increase in CK-MB level may be more useful than the rise in LDH activity in evaluating myocardial injury in premature calves with RDS. CK-MB is generally used for the determination of cardiac damage. However, the CK-MB isoenzyme is found in a small but significant amount in the skeletal muscle as well. Therefore, skeletal muscle damage can cause an increase in blood CK-MB levels. Due to the lack of tissue specificity, LDH enzyme activity is considered to have only partial value in the detection of myocardial damage (Kemp et al., 2004) .
Cardiac troponins have high sensitivity and specificity for the detection of myocardial injury and are considered to be suitable cardiac biomarkers for the determination of cellular damage (Bader et al., 2006; Wells and Sleeper, 2008) . Cardiac injury in cattle has been identified by increased cardiac troponin levels in a variety of diseases that include monensin toxicosis (Varga et al., 2009 ), traumatic reticulopericarditis (Gunes et al., 2008; Mellanby et al., 2009 ), footand-mouth disease (Gunes et al., 2005; Karapinar et al., 2010) , and endotoxaemia (Peek et al., 2008) . The cardiospecific isoenzyme troponin I provides the most sensitive and specific indication of cardiac necrosis whereas the predictive value of serum CK and LDH activities is much lower (Radostits et al., 2007) . O 'Brien et al. (1997b) suggested that troponin I is a good marker in the detection of cardiac damage in all mammalian species. Tunca et al. (2008) reported that cardiac troponin I levels of calves with foot-and-mouth disease increased significantly compared to the control group, and they also stated that increased concentrations of serum troponin I were correlated with myocardial injury. Cardiac troponin T is a specific marker of myocardial injury in perinatal asphyxia (Sadoh and Eregie, 2012) . Clark et al. (2004) found that sick infants with RDS had poor myocardial function, hypotension, and elevated troponin T levels. Troponin T is more cardioselective than conventional CK-MB and LDH as a cardiac biomarker, and it is undoubtedly a more precise indicator of cardiac injury (Ng and Lam, 2012) . Trevisanuto et al. (2000a) reported increased levels of cTn-T due to myocardial damage in preterm infants with respiratory distress. Lopes et al. (2012) have reported that cTn-T may be a very useful and early marker of myocardial injury in newborn infants of very low birth weight. O'Brien et al. (1997a) stated that cTn-T was a powerful biomarker for the determination of myocardial injury in laboratory animals. In the present study, we observed that cTn-I and cTn-T levels in premature calves with RDS were increased compared to values in control calves. However, there were no statistically significant differences in troponin I and T levels in the premature groups (Table 2 ). According to these results, increased serum cTn-I and cTn-T levels could be related to myocardial damage in premature calves with RDS.
In conclusion, the results of this study show that serum troponin I, T and CK-MB levels can be used in the evaluation of myocardial injury in premature calves with RDS. Echocardiographic examinations and studies on cardiac biomarkers are needed for determining cardiac problems in premature calves with RDS.
